Abstract-
INTRODUCTION
A macrophyte is an aquatic plant that grows in or near water and is emergent, submergent, or floating. Aquatic macrophytes are aquatic photosynthetic organisms, large enough to see with the naked eye, that actively grow permanently or periodically submerged below, floating on, or growing up through the water surface.These are present in almost all continents. Aquatic macrophytes are available in abundance and needs very little or no efforts to cultivate in controlled environment. Great deals of efforts are taken worldwide for the eradication of these macrophytes. These efforts of eradication of these weeds have been seen to have failed miserably. Hence, the concept of "Eradication through utilization" has been introduced.
Damages caused by aquatic macrophytes
The socio-economic effects of Aquatic weeds are dependent on the extent of the invasion, the uses of the impacted water body, control methods and the response to control efforts (Villamagna & Murphy, 2010) . Therefore, considering the losses caused, it is essential to keep aquatic weeds under control in water bodies, flow water systems, ponds and tanks so that these systems can be utilized to best of their efficiency. It impairs the quality of water. The plant cover imparts obnoxious smell, colour and suspended particulate matter to water, making it unfit for human consumption. The rate of organic production by Aquatic weeds is so high that it leads to silting and gradual drying up of water bodies. (h) Aquatic weeds mats decrease dissolved oxygen concentrations, one of the most important water quality variables for aquatic fauna, by preventing the transfer of oxygen from the air to the water surface (Perna & Burrows, 2005) .
The most direct impact of dense mats of Aquatic weeds is on boating access, navigability, water supply systems, drainage canals and on recreation (Villamagna & Murphy, 2010) .
It can be a serious matter in water-limited areas and small water bodies when water loss through evapotranspiration from WH is 3.7 times that from open water (Timmer & Weldon, 1967) .
Aquatic weeds infestations are also known to exacerbate mosquito problems by hindering insecticide application (Seabrook, 1962 
II.
MATERIALS AND METHODS Whole water hyacinth plants were collected from the banks of river Morna in Akola city, Maharashtra, India (latitude: 20N 40, longitude: 77E 05). The Morna River basin which is a tributary of Purna River lies towards the northern and southern part of Akola district, and flows covering an area of 941.39 sq. km. and lies between 76045'38" to 7705'26" E longitude and 20o25'7" to 20o29'34" N latitude. The whole plants were transported by unrefrigerated truck to Amravati in polyethylene sacks. Cattails and Duckweeds were collected locally from a pond located at Kathora road, Amravati (20N58 77E50). The Water hyacinth and Cattail plants stems were cut near to root, whereas the whole Duckweed plants were used for the experiment. The plants were washed with tap water several times to remove any adhering dirt and were cut in to pieces of 2-3 cm size followed by drying in sunlight for a week and grinding to 2-5 mm using laboratory grinder.
Selection of pretreatment method
Pretreatment of various aquatic macrophytes was carried out by employing three different chemical pretreatment methods viz. dilute acid pretreatment, concentrated acid pretreatment and alkali pretreatment in order to select the better process i.e. one which facilitates the release of maximum amount of sugars. The selected pretreatment method was further optimized by studying the effect of various parameters like concentration, soaking time, pretreatment temperature and pretreatment time. 10 g of the selected lignocellulosic biomass samples were treated with various reagents in 1:10 ratio and the amount of sugars released were estimated using DNSA method (Miller 1959).
Fig.2.1: Amount of sugars released by various substrates
Among these three methods, dilute sulphuric acid at 3% v/v produced maximum amount of fermentable sugars i.e. 120 mg for Water hyacinth, 68 mg for Cattails whereas, maximum amount of sugars release by duckweed (27 mg) was observed for 3% v/v Nitric acid. The use of strong acids leads to about comparable release of sugars to dilute acid treatment. However, the challenges with concentrated acid pretreatment include corrosion of equipment, acid recovery, and neutralization waste when acid is not recovered. Furthermore, use of concentrated acids (25 % to 50%) makes this process hazardous while handling. Owing to the recalcitrant nature of lignocellulosic material, although it is essential to use harsher conditions of hydrolysis, the focus was maintained on minimizing the challenges by using milder treatment conditions.
Optimization of dilute sulphuric acid treatment

Fig.2.2: Amount of sugars released in optimized conditions
The dilute acid pretreatment of biomass samples was carried out by treating 10 g biomass sample with dilute sulphuric acid using varied acid concentrations (0.5-5.0% v/v) and soaking time (0 to 60 min) at 100˚-160 0 C temperature range for treatment time of 0-10 min. The hydrolyzate after treatment was separated by filtering the contents through double layered muslin cloth .The acid hydrolyzates obtained after acid treatment was analyzed for the amount of sugars using DNSA method (Miller 1959) . The effect of change of one parameter on the amount of sugars was studied by keeping other parameters constant. The acid hydrolyzate finally obtained after the optimization study is subjected to detoxification studies. Increase in the concentration of acid up to 2.5 % (v/v) during hydrolysis increased the sugar yield, further increase in the concentration of acid decreased the sugar yield and this may be due to formation of inhibitory compounds due to rapid degradation of sugars at higher acid concentrations. The maximum amount of sugar released was 197mg, 100 mg and 50 mg for Water hyacinth, Cattails and Duckweed respectively. Fig 5.1 shows total reducing sugars released after acid hydrolysis with different acid concentration. Water hyacinth produced the most amounts of sugars as compared to cattails and duckweeds. The low yield of sugars from cattails may be attributed to the higher lignin content (24.12%) as compared to water hyacinth (10.02%) and duckweeds (7.28%). Lignin being a barrier in the hydrolysis process prevents the release of sugars from cattails. Duckweeds despite of the low lignin content released only 50 mg sugars after acid hydrolysis. This can be attributed to the low amount of both cellulose and hemicellulose (about 13%) in duckweeds. During the pretreatment of the lignocellulosic material with sulfuric acid (0.5 -5.0%) not only can sugar be obtained from hydrolysis and solubilization of cellulose and hemicelluloses, also, due to the high temperatures (100 -160°C) they degrade, especially sugars from hemicellulose, two compounds derived from furan are originated: furfural, formed from the degradation of pentoses (xylose and arabinose) and 5-hydroxymethylfurfural (HMF), formed as a result of degradation of hexoses (glucose, mannose and galactose)
Detoxification by overlimming
The detoxification by overlimming was is carried out with 10 ml Ca(OH)2 solution (50 g.L -1 ) (Millati R, Niklasson C, Taherzadeh MJ , 2002). The optimization studies were conducted for a pH range of 8 to 12. The temperatures were varied from 30-100 0 C. The samples were stirred under specific conditions for 30 minutes and then filtered. The amounts of fermentable sugars left after treatment of lime were investigated every time. The conditions which preserved the most amounts of sugars were designated as the optimum conditions of detoxification. The total sugars present in the acid hydrolyzate before and after concentration of hydrolyzate and after detoxification treatments were estimated by the by Dinitrosalicylic acid method (Miller, 1959) . Detoxified sample was then subjected to fermentation. During this study, the effect of overliming on the amount of fermentable sugars was determined. The concentration of phenolic compounds and furan derivatives was not determined due to the complexity of analytical methods. It was observed during this study that, the overliming of the acid hydrolyzate yields maximum amounts of sugars at pH 10. However, a loss of respectively 18 %, 17% and 14 % sugars was observed during the lime treatment in order to remove the fermentation inhibitors. Because several inhibitory compounds are formed during hydrolysis of acid hydrolysis of lignocellulosic material, detoxification of hydrolyzate is necessary. The effective detoxification method has to reduce maximum amount of inhibitors and minimum amount of sugars from hydrolyzate. From the above studies, it can be observed that detoxification of hydrolyzate with Ca(OH)2 at pH 10 causes minimum sugars loss. 
Fermentation of detoxified hydrolyzate
The fermentation of detoxified acid hydrolyzate samples was carried out by following the methodology adopted by Idrees 2013. The detoxified hydrolyzate solutions were placed in 1-L Erlenmeyer flask, and autoclaved at 121 °C, 15 lbs for 15 min. Each of detoxified acid hydrolyzate was mixed along with 10 ml of YPG inoculums. The yeast converts sugar into bio-ethanol with the evolution of CO2. A known fermented sample was collected for every 12 h interval and analyzed for residual sugar content. Ethanol produced in the fermentation medium was estimated by potassium dichromate oxidation method (Kumnuanta, 1983) . Maximum sugars were consumed during fermentation at slightly acid pH values (pH 6). Also, water hyacinth and duckweeds are observed to effectively undergo fermentation at 40 0 C and longer fermentation period 84 and 96 hrs respectively. While Cattails require a higher temperature (60 0 C) for effective fermentation along with shorter periods (60hrs) 2.5 Ethanol recovery After the optimization of fermentation process, the samples having optimum sugar consumption were subjected to distillation. It can be concluded that 29 mg (50.20% of theoretical ethanol yield) of ethanol was obtained after distillation of Water hyacinth fermentation broath, 20 mg (52.90% theoretical yield) and 7 mg (37% theoretical yield) ethanol was obtained from Cattails and Duckweeds fermentation broath.
III.
CONCLUSIONS This study has provided information about the possibilities of converting weeds which have been considered a nuisance to what is being considered as cleaner fuel. Moreover, the various measures to control growth of these weeds or their eradication have failed miserably. On the other hand, the use of aquatic macrophytes as substrate is potential interest in developing countries, where these species tend to occur so frequently, they do not compete with arable crop in terms of land resources, and need no maintenance. These rich in cellulose and hemicellulose, its lignin content is low and this plant is suitable for ethanol production. Highest amount Ethanol yield of 29 mg was obtained from Water hyacinth hydrolyzate. While, cattails produced 20 mg and duckweeds 7 mg of ethanol from detoxified hydrolyzates. Although the amount of ethanol obtained during the present work is very low, it is noteworthy that no enzymes were used during this study. Enzymes play a crucial role during the hydrolysis process to facilitate the release of most number of sugars. Cellulases and hemicellulases used in the production of cellulosic ethanol are expensive enzymes. Secondly, a single step acid hydrolysis was carried out instead of a two step process. As pretreatment step contributes to 30% of the entire process cost (Wyman 1995) , more number of steps would increase the capital cost of the set up.
